We obtain distances to a sample of RR Lyrae in the central core of the Sagittarius dwarf spheroidal galaxy from OGLE data. We use these distances, along with RR Lyrae from Gaia DR2, to measure the shape of the stellar distribution within the central ∼ 2 kpc. The best-fit stellar distribution is triaxial, with axis ratios 1 : 0.76 : 0.43. A prolate spheroid model is ruled out at high statistical significance relative to the triaxial model. The major axis is aligned nearly parallel to the sky plane as seen by an Earth-based observer and is nearly perpendicular to the direction of the Galactic center. This result may be compared to cosmological simulations which generally predict that the major axis of the dark matter distribution of subhalos is aligned with the Galactic center. The triaxial structure that we obtain can provide important constraints on the Sagittarius progenitor, as well as the central dark matter distribution under the assumption of dynamical equilibrium.
∼ 1 kpc, and an average line-of-sight velocity dispersion of ∼ 11 km/s. Distance estimates to red clump stars indicate that the ratios of the major, intermediate, and minor axes are 3:1:1. The line-of-sight velocity dispersion is now measured out to several half-light radii, and is ∼ 10 − 15 km/s, with a cold spot in the central region (Frinchaboy et al. 2012; Majewski et al. 2013) .
Understanding the dynamical structure of both the core and the stream has important implications for constraining the progenitor of Sagittarius and its dark matter properties. It has long been known that the observed geometry of the leading and trailing arms of the streams imply that the progenitor resides in a more massive and extended dark matter halo (Johnston et al. 1995; Ibata & Lewis 1998) . Matching the recent kinematic data in the streams implies that the progenitor mass is 6 × 10 10 M (Gibbons et al. 2017) . Similarly in order to match the kinematics in the core, simulations suggest that the total stellar plus dark matter mass of the progenitor was 10 10 M ( Lokas et al. 2010) . The nature of the progenitor may also be constrained from the lack of rotation signal in the central core (Peñarrubia et al. 2011 ).
Measuring the shape and the orientation of dwarf satellite galaxies like Sagittarius is important from the perspective of the ΛCDM theory of structure formation. Dark matter only simulations of tidally-disrupting satellites find that heavilystripped subhalos tend to be rounder than those that are less tidally disturbed (Kuhlen et al. 2007 ; Barber et al. 2015) .
These simulations also find that the major axes of the subhalos tend to align towards the center of the host dark matter halo. This effect is most pronounced in the outer regions of the subhalo; it is not yet clear how baryons alter both the shapes and the orientations of the subhalos.
The kinematics of the Sagittarius core may be used to determine the dark matter mass distribution in this region. Assuming that the system is in dynamical equilibrium, the mass distribution may be extracted using methods that are typically used on dwarf spheroidal galaxies (Battaglia et al. 2013) . However, all of these methods are limited because the inputs to them are derived from projected quantities such as the surface density or velocity dispersion. Since it is the three-dimensional stellar density profile that must be used in the dynamical models, an incorrect input for it may bias the reconstructed luminous and dark mass distributions. For example, in the simplest case of spherically-symmetric stellar distributions, there is a non-unique mapping from projected two-dimensional stellar distribution onto a three-dimensional stellar density distribution. In particular, an observed flat two-dimensional stellar profile may project onto either a central core or a central cusp in three dimensions, and this has important implications for extracting the dark matter distribution (Strigari et al. 2010) . Distance information on individual stars would provide an important new input to constrain dynamical models (Richardson et al. 2014) .
For axisymmetic models, the extraction of the threedimensional stellar profile from the two-dimensional data is even more difficult. This is because of the projection issue that plagues spherical models, and even more importantly because there is an inclination angle of the major (or minor) axis with respect to the sky plane that must be determined. Only with a measurement of this inclination is it possible to obtain the three-dimensional velocity dispersion from the measured two-dimensional dispersions, and estimate the dark matter distribution (e.g. Hayashi & Chiba (2015) )
Obtaining an empirical three-dimensional stellar distribution requires a precise measurement of the distance to individual member stars. However because of the relatively large distances to a typical dwarf spheroidal galaxy, and the fact that the distances to the majority of their member stars cannot be precisely measured, obtaining a three-dimensional profile is difficult. Previously, Sagittarius has had its line-ofsight width measured using the same OGLE-IV dataset as our analysis (Hamanowicz et al. 2016 ), but only the Magellanic Clouds have had their complete three-dimensional structure directly measured from samples of RR Lyrae stars (Deb 2017; Deb et al. 2018) .
In this paper, we make the first measurement of the complete three-dimensional structure of the core of Sagittarius. We use two samples of RR Lyrae: one from the OGLE-IV bulge survey and one from Gaia DR2. The OGLE data have precise three-dimensional positions, and so contain information on the three-dimensional stellar distribution in the core. The Gaia sample of RR Lyrae do not have precise distances, but they form the most homogenous and spatially complete sample of RR Lyrae in Sagittarius. Therefore they contain information on the projection of Sagittarius onto the two-dimensional sky plane.
To fit the data we model the core as a full triaxial ellipsoid. We constrain the axis lengths of the spheroid and the inclination using the three-dimensional information from the OGLE data. We project the spheroid onto the twodimensional sky plane, and use the Gaia data to obtain independent constraints on the axis lengths. We will show that the strongest constraints on the axis lengths and the inclination of the core are obtained with a joint analysis of the OGLE and Gaia data. This paper is organized as follows. In section 2 we describe in detail the Gaia DR2 and OGLE-IV data, and discuss the cuts that we implement to obtain our final RR Lyrae sample. In section 3 we outline our formalism for measuring the shape of the stellar distribution, and describe the statistical methodology used to compare different models. In section 4 we present the results of our analysis, and in section 5 we end with conclusions and discussion.
DATA
In this section we describe the selection of our data samples from the Gaia and the OGLE catalogs, and our determination of the distances to the stars and their associated errors.
Selection of data from Gaia DR2 variable catalog
We use data from the second data release (Gaia Collaboration et al. 2018a ) from the Gaia mission (Gaia Collaboration et al. 2016) to identify the 2D positions of a sample of RRab stars that are consistent with being members of Sagittarius. The Gaia parallaxes are not measured well enough to obtain the distance precision required to constrain the 3D structure of Sagittarius. However, this dataset is much more spatially extended than the OGLE dataset. As we show below the larger spatial extent of these data allow us to obtain constraints on the three-dimensional properties that are complementary to the OGLE data.
To obtain a clean sample of Gaia candidate RR Lyrae we start by using the full DR2 catalog to determine the appropriate proper motion cut to apply. We select all stars in Gaia DR2 with a measured parallax (ω) of < 1 mas that are within the core region of Sagittarius, defined by a right ascension (α) and declination (δ) of 279 • < α < 291 • and −40 • < δ < −20 • , respectively (See Appendix A for the query that we use). This selection criteria produce a sample of 8.5 × 10 6 sources which we use to determine the proper motion of Sagittarius. The left panel of Figure 1 shows a 2D density histogram of the proper motions of these sources. A bimodal distribution can clearly be seen with a broad component due to the Milky Way and a much narrower one due to Sagittarius.
In order to determine the proper motion cut necessary to separate stars that are associated with Sagittarius from those that are likely associated with the Milky Way we fit a simple two Gaussian mixture model to the data. We define µ as the centroid of the Sagittarius component, the components dispersion as σ = (σmajor, σminor), and a rotation by θ, the angle between the µα cos(δ) axis and the σmajor axis. The left panel of Figure 1 also shows the twodimensional Gaussian model fit to the proper motion of these sources. The blue ellipse shows the 1σ best-fit component for the Milky Way population, and the red ellipse Additionally, we apply a raw magnitude cut of MG > 16.8 to remove any Milky Way foreground. This cleaned sample is shown in the right panel of Figure 1 .
Finally, the positions of these stars are converted from (α, δ) to Sagittarius-centered coordinates (ρ, φ), where ρ is the angular separation between a star at (α, δ), the centroid of Sagittarius (α0, δ0), and φ is the position angle of a star with respect to the centroid. The points are then projected onto an angular plane similar to equations 1-4 in van der Marel & Cioni (2001) . Next, we perform a Gaussian kernel density estimate (KDE) with a 1 deg 2 window as a rough check on the distribution of these stars. This KDE in Figure 2 shows a density spike at the location of Sagittarius that drops off in a manner consistent with being Gaussian. We apply a rectangular cut of −4.2 < ∆θ1 < 6.2 and −4.7 < ∆θ2 < 4.9 where only the 793 stars within this area are used in our analysis.
Selection of data from OGLE-IV RRab catalog
We use the OGLE-IV Bulge (Udalski et al. 2015) catalog of fundamental mode RR Lyrae variable stars (RRab, Soszyński et al. (2014) ; Hamanowicz et al. (2016) ) for the 3D portion of our analysis. We clean the sample and derive distances to the RR Lyrae in the same manner as Jacyszyn-Dobrzeniecka et al. (2017) and Skowron et al. (2016) . Appendix B provides a brief summary of the process; for more details we refer to Jacyszyn-Dobrzeniecka et al. (2017) and references therein. We estimate the uncertainty on these distance measurements as follows. The statistical component is due to the accuracy of mean brightness in the I-band and V -band. From 2017) we take total uncertainty to be 3% of the distance to a star.
After cleaning the catalog and deriving distances we make cuts to remove Milky Way foreground/background stars. First we select all RRab stars with 279.6 • < α < 286.7 • and −31.7 • < δ < −29.23 • near the core of Sagittarius. Then, a cut is applied to remove stars with large radial distances from the core (r > 2 kpc). This cut is implemented by defining Dmin (Dmax) which corresponds to the minimum (maximum) heliocentric distance of a star with r < 2 kpc and removing all stars with distances outside of Dmin < D < Dmax.
We define the center of Sagittarius to be α0 = 283.83 • , δ0 = −30.55 • (Hamanowicz et al. 2016; McConnachie 2012) and the distance to be the median distance of our sample D0 = 26.41 kpc. This distance differs from Hamanowicz et al. (2016) who found D0 = 26.98 kpc due to the slightly different method of distance estimation to the RR Lyrae (we are using Wesenheit magnitudes instead of I-band magnitudes). Finally, member stars of the globular cluster M54 are removed in the same manner detailed above. The positions and distances of the 721 RR Lyrae stars that compose our clean sample are shown in Figure 3 .
Additionally, prior to our analysis we compare the Gaia sample to the OGLE sample to check the Gaia sample for completeness and contamination. From Holl, B. et al. (2018) the Gaia variability catalog is 49% complete with 44% contamination in the OGLE bulge fields for RRab, RRc, and RRd stars in the range 7 < MG < 17. To get a sense of the completeness and contamination in our sub-sample, which extends more than a magnitude fainter than the Holl sample with a mean magnitude of MG = 18.14, we cross-match the catalog with the less extended, but more complete and pure OGLE sample. We find that for this much smaller sample the Gaia catalog is 25% complete with 12% contamination and importantly has no obvious spatial structure in the completeness or the contamination. Due to the low contamination rate and absence of artificial structure in the data, we assume the distribution is unbiased, and can be used to infer projected properties of the Sagittarius dwarf galaxy.
METHODS
In this section we present a model for the 3D properties of the RRab distribution in the Sagittarius core. We then move on to define the likelihood functions that we use for inference with both the 2D Gaia DR2 data and 3D OGLE data.
Modeling the 3D properties of Sagittarius
We define an inertial coordinate system centered on Sagittarius such thatx is aligned along the major axis,ŷ along the intermediate axis, andẑ along the minor axis. In this coordinate system, we model the 3D stellar distribution of RR Lyrae as a Gaussian,
where a, b, c are the lengths of the axes in the respective coordinate directions, and ρ0 is a scale density. For a Gaussian density distribution, the half-light radius along the major axis is given by a/1.48. We choose the Gaussian form in Equation 1 because its physical interpretation is straightforward, and also because its analytic properties can be readily determined in convolutions that we perform below. From the axis lengths (a, b, c), we can define the triaxility, T , in terms of the axis ratios p = b/a and q = c/a
For T = 0, the shape of the system is an oblate spheroid (a = b > c), while for T = 1 the system is a prolate spheroid (a > b = c). In order to connect to an observer-based coordinate system, we define a separate right-handed "primed" coordinate system centered on Sagittarius. We convert the observed positions of the RR Lyrae to cylindrical coordinates in the plane of the sky, (ρ, φ), as described in van der Marel & Cioni (2001) . We similarly define our coordinate system such that thex axis points anti-parallel to the right ascension axis, thê y points parallel to the declination axis and theẑ axis to points towards the observer on Earth. These transformations from (ρ, φ, D) to (x , y , z ) are given by
with D defined as the distance to a star and D0 as the distance to the galaxy.
To then transform from the inertial Sagittarius coordinate system to this observed frame we follow a similar formalism to Sanders & Evans (2017) . The transformation matrix between the coordinates is defined as the Euler rotation R(α, β, γ) = Rz(α)Rx(β)Rz(γ), with the rotation matrices defined as
For the inertial (x) to observed (x ) transformation similar to Xu & Randall (2019) we define the observer to be located in the direction z ≡ sin θ cos φx + sin θ sin φŷ + cos θẑ
Then if (x , y , z ) is the right handed coordinate system defined above the total transformation is R int,obs = R(γ, π/2 − φ, θ) where γ is a rotational degree of freedom in the plane of the sky. Written out the transformation is
From the above definitions we must compute the projected properties of the galaxy in order to compare with the Gaia sample. The formalism to obtain the projected positions is similar to Sanders & Evans (2017) ; for our analysis we are particularly interested in expressing the result in terms of the projected major axis aproj, the minor axis bproj, the observed ellipticity = 1 − bproj/aproj, and the position angle between observed North and the projected major axis P.A.. A derivation of the projected properties from the 3D model is found in Appendix C.
Finally, we are interested in the inclination of Sagittarius with respect to both an Earth-based observer and one at the Galactic Center. To measure this we define the inclination angle (i) to be the dot product of the unit vector pointing along the major axis (â) and the vector that points from Sgr to the observer (û). Then the inclination is defined by cos(i + π/2) =â ·û where i = 0 indicates the major axis of Sgr is in the plane of the sky with respect to an observer. For an Earth-based observer in the ( ) frameû earth = [0, 0, 1] and we take the distance between the sun and the Galactic Center to be 8.17 kpc (Gravity Collaboration et al. 2019) giving aûGC = [−0.11, 0, 0.99].
Likelihood analysis
With the model for Sagittarius outlined above, we now move on to discussing our likelihood analysis. Our likelihood analysis will involve a separate analysis of the 2D Gaia and the 3D OGLE data, as well as a joint analysis of these data sets.
We define the 2D and 3D data vectors as D2D and D3D, respectively. We use these data sets to constrain our model parameters, which we take as the 3D parameters, Θ3D = [a, p, q, γ, φ, θ], defined as above. We choose to use the 3D parameters as our base set of model parameters in order to analyze the 2D and 3D data in a consistent manner.
The probability for the model parameters given the D3D data is P (Θ3D | D3D), and similarly the probability for the model parameters given the D2D data is P (Θ3D | D2D).
Starting with the 2D case we need to derive an expression for P (Θ3D | D2D). In this case the data vector D2D is given in the primed coordinates defined in the frame of the observer. We start by writing the observed Cartesian position of a star when projected into the z = 0 plane as x T = [x , y , 0]. Then given the Gaussian model for the core of Sagittarius the probability of a single star being observed at location x is
where N is defined as a multivariate normal distribution.
In the above equation x Sgr is taken to be the center of Sagittarius as defined in Section 2.2 which is (0, 0, 0) in the prime ( ) frame. Then Cproj is the covariance matrix
The covariance matrix is a function of the position angle (P.A.) and the projected major axes (a 2 proj , b 2 proj ). These projected quantities can be derived from our model parameters as discussed in the previous section via the equations in Appendix C.
In order to account for incomplete sampling of the stars in Sagittarius, we must develop a selection function to incorporate into the likelihood analysis. We define a simple selection function S2D(x , y ) = S3D(x ) dz that is equal to 1 inside the region within figure 2, and 0 elsewhere. With this selection function, the probability of any set of Θ3D is then:
where N is the number of stars in the Gaia sample and n labels an individual star. With the likelihood defined above, we are able to conduct parameter inference on the 3D model parameters using the methods described below. Our 3D analysis that uses the OGLE data follows a similar formalism as in the 2D case. We define the true position of a single star asx , and the observed position as x . We assume that the true position of a star given its observed position follows the distribution,
Here Cx is empirically determined by Monte Carlo resampling the distance of an individual star and recomputing its Cartesian position 5000 times, using the assumed errors on the heliocentric distance of 3% (see Section 2). The population as a whole we model as a multivariate Gaussian with mean given by the centroid of the galaxy ( x Sgr ), a dispersion defined by the three principal axes, and an axis of symmetry parameters p and q. The covariance matrix in the inertial frame is then:
Therefore, the probability of a star existing at true locatioñ x is given by:
Since both the observed (Equation 9) and true (Equation 11) components are Gaussian we can analytically marginalize the true positions of the stars out. Then the probability of observing a star at position x conditional on our model parameters is
Similar to the 2D case, we then define a selection function as S3D(x). In the 3D case, the selection function is 1 inside the area within the black outline shown in Figure 3 and within a 2 kpc distance from the center of Sagittarius. The full likelihood with the observed selection function is then
The discussion above is in the context of a separate analysis for both the 2D and the 3D likelihoods. We will also consider a joint analysis, in which we fit to the combined 2D and 3D data sets. Assuming that the data sets are independent, which is a reasonable assumption for the Gaia and OGLE data, the joint probability for the model parameters given the data is
For both the separate and the joint likelihood analyses, we determine posterior probabilities for the parameters Θ3D.
To determine these posteriors, we use the nested sampler PyMultinest with 500 live points to generate samples of the posterior. For each parameter the prior used in the fit is listed in table 1. Note that for p and q, the lower bound on the prior is 0.1. Figure 4 shows the posterior probability densities for our baseline set of five model parameters from a joint fit to the Gaia and OGLE data. The median of the cumulative distributions and the 68% containment intervals for each of the parameters are shown in Table 2 . We generally find that the scale parameters a, p, q are well determined in the joint analysis, with the minor-to-major axis ratio q being the best determined parameter, which is measured to 20%. The corresponding angles are generally less well constrained, in particular the rotation angle θ is not well determined by our analysis.
RESULTS
To get a sense of which data set is providing more statistical constraining power, Table 2 shows results from the individual fits to each of the Gaia and OGLE data. The means of the axis lengths from the individual fits are found to differ; in particular the Gaia data favors a major axis radius ∼ 1.9 kpc, while the OGLE data favors a lower value, ∼ 1.36 kpc. However the results are consistent when considering the 68% containment intervals. Figure 5 shows a comparison of the full posterior distributions of the major axis length as determined for both the joint and separate analyses. From this figure we see that the major axis length determined from the Gaia data is more aligned with the results from the joint fit. This is because the Gaia data is more extended, and thereby providing more constraining power than the OGLE data on the scale length.
In Table 2 we also show measurements of parameters derived from our baseline set of parameters. The 3D halflight radii along the major axis is r 1/2 = 1.17 +0.07 −0.06 kpc, and the 2D half-light radii along the major axis is r 1/2, proj = 1.14 +0.07 −0.06 kpc. Note that our fits are different than the halflight radius obtained from the red giant fits with 2MASS data (Majewski et al. 2003b ). The projected ellipticity from our fit is = 0.54±0.2, which can be compared to the Majewski et al. (2003b) result of = 0.62 ± 0.02, and the projected major axis of our fit is found to have a half light radius of 149 ± 8 compared to their value of 342 ± 12 . We do find consistent results for the position angle (P.A.).
From the parameters p and q, we derive the posterior probability distribution of T . We find T = 0.52 +0.19 −0.21 , where again the uncertainties are 68% containment confidence intervals. Interestingly, a prolate spheroid corresponding to T = 1 is ruled out by the model, while an oblate spheroid is strongly disfavored at the ∼ 95% confidence level.
From the posterior probabilities we also deduce both the inclination of the major axis with respect to the plane of the sky, and the projection of the major axis on the direction towards the Galactic center. The inclination relative to the observer is i earth = −4.9 +17.5 −18.8 deg, and the inclination relative to the Galactic center is i Gal = 1.6 +17.5 −18.9 deg. Note again the an inclination of zero implies that the major axis is fully within the plane of the sky relative to the observer. These two values of the inclination are very similar due to the location of Sagittarius relative to the Galactic center. We note that the major axis is not aligned with the direction of the Galactic center, which may have important implications when comparing to general theoretical predictions for dwarf galaxies, which we discuss in more detail below. Figure 6 shows a three-dimensional view of the system. The red points are Gaia RR Lyrae projected onto to the z=0 plane, and the blue ellipse is the projected half light ellipse. The black points show the 3D distribution of OGLE RR Lyrae in Sagittarius-centered Cartesian coordinates (x ), and the grey lines show the uncertainty on position for each OGLE star. The green ellipsoid marks the three dimensional half light radius as inferred by our analysis; its orientation and triaxiality can be seen. As a reminder theẑ axis points towards the observer.
As a consistency check we take our posterior distribution of parameters Θ3D and generate mock observed RR Lyrae distributions. This is done by sampling Θ3D values randomly from the equal weighted posteriors (histograms in figure 4) , generating data following our model distribution, and applying the observational selection function. These mock catalogs should have similar spatial distributions as our observed data. The results of repeating this process for 1000 mock data sets are shown in Figure 7 , where the red line shows the observed distribution in Cartesian coordinates as well as the radial distribution of stars. The black line marks the median distribution of our mock catalogs over the same coordinates, and the blue shading indicates 50% and 95% confidence intervals for these mock catalogs. We find that there is generally Table 2 . Results of our fits for the joint case as well as the Gaia only and OGLE only cases. The values are the median for each parameter, and the errors show the 68% confidence interval. A histogram showing a comparison of the major axis posteriors (a or r major ) for the 3 fits is shown in Figure 5 . For the joint fit the r 1/2, proj = 1.14 kpc corresponds to an on sky major axis of 148 . good agreement between the observed distribution and the expected distribution based on the results of our analysis.
DISCUSSION AND CONCLUSION
We have performed the first 3D modeling of the spatial distribution of stars in the core of the Sagittarius dSph. Our sample of stars comes from both Gaia DR2 data and from the OGLE-IV RR Lyrae catalog. We derive distances to the OGLE stars, and from these and the Gaia data we find that the spatial distribution is a triaxial ellipsoid. The more simple case of a prolate spheroid is ruled out at high statistical significance. These results come from a combined analysis of the Gaia and OGLE data-such strong results are not attainable from an individual dataset. Our results may be compared to previous estimates of the three-dimensional structure of Sagittarius. Ibata et al. (1997) 2014) to measure FWHM along the line-of-sight and find the size in this dimension to be 2.42 kpc.
We have obtained the first measurement of the orientation of the stellar distribution of Sagittarius with respect to the plane of the sky and with respect to the Galactocentric frame of reference. The major axis of the RR Lyrae distribution is aligned nearly parallel to the sky plane, and the major axis is nearly perpendicular to the direction of the Galactic center. It is interesting to compare this result to the predictions of cosmological simulations (Kuhlen et al. 2007; Barber et al. 2015) . These generally find that the major axis of the dark matter distribution of subhalos is aligned with the Galactic center. This alignment is found to be stronger for systems that are closer to the Galactic center and for those that have been heavily tidally disrupted, i.e. systems like Sagittarius. These results from simulations however only apply to the dark matter distribution. It will be important in the future to develop predictions for the orientation of the dark matter distribution relative to the stellar distribution, and compare to the results we have obtained for Sagittarius.
It is also interesting to compare our results to theoretical models for the Sagittarius progenitor. For example the elongated shape may be produced in models where the progenitor was a disk galaxy, and the system is currently at its second pericenter passage, transforming from a disk galaxy to a more spheroidal structure resembling a dwarf spheroidal ( Lokas et al. 2010) .
Since our RR Lyrae sample is mostly contained within the half-light radius of the Sagittarius core, the sample may be used to probe the dynamical mass distribution in the remnant core of the system that remains bound and in dynamical equilibrium. Three-dimensional positions combined with line-of-sight velocities of stars are expected to improve measurements of the velocity anisotropy parameter (Richardson et al. 2014) . Targeted radial velocity measurements, along with future improvements in Gaia proper motions, would provide the first full six-dimensional phase space coverage of stars in a dwarf spheroidal, allowing for an unprecedented analysis of the dynamical state of the dark and luminous mass in the galaxy.
With better distance measurements to RR Lyrae, it will be interesting to further extend our analysis to even more distant dSphs. For example systems such as Draco and Ursa Minor do not show any signs of tidal disruption (Ségall et al. 2007 ), so the three-dimensional distribution of the stars may more faithfully trace the orientation of their respective dark matter halos. These types of measurements may provide a novel probe of the nature of dark matter, and may allow for even more precise predictions of gamma-ray fluxes from dark matter annihilation from dSphs (Strigari 2018 The distances to our RR Lyrae are derived using the same methodology as Jacyszyn-Dobrzeniecka et al. (2017) . The process is briefly summarized and a few important equations are included in this section. Starting from the OGLE-IV bulge catalog all objects with no measurements of the V -band magnitude or the Fourier coefficient combination φ I 31 are removed. Next, stars with atypically small peak-to peak I-band amplitudes are excluded (where AI < 5 × Log(P ) − 1).
For the remaining stars we estimate the metallicity ([Fe/H]) of each star photometrically using the period (P ) and (φ I 31 ). Following Skowron et al. (2016) the φ I 31 catalog values plus the appropriate π offset are converted to φ V 31 (Equation B1), which are then converted to φ Kep 31 (Jeon et al. (2014) , Equation B2 ). Then, the empirical relation from Nemec et al. (2013) (Equation B3 ) is used to get ([Fe/H]) on the Jurcsik (1995) scale. This metallicity is then converted to the Carretta et al. (2009) scale (Kapakos et al. (2011) Equation B4 ). Subsequently, the Braga et al. (2015) Period-Luminosity-Metallicity (PLZ) relation for W I,V −I,abs is applied to derive the absolute Wesenheit magnitude (Equation B5). The observed Wesenheit magnitude (Madore 1976) is given by Equation B6 . Finally, we use Equation B7 to estimate a distance in pc to each RR Lyrae. 
APPENDIX C: 2D PROJECTION OF A 3D ELLIPSOID
Initially our ellipsoid can be described in its inertial frame by the following equation x 2 a 2 + y 2 b 2 + z 2 c 2 = 1. In matrix form: we then rotate this ellipse into the observed frame see Equation 5.
The conic section equation is given by:
f (x , y , z ) =A11x 2 + A22y 2 + A33z 2 + 2A12x y + 2A13x z + 2A23y z Ax 2 + Bx y + Cy 2 + Dx + Ey + F = 0
We then define a normalization factor (K) and the linear eccentricity or the distance of the focus from the center of the ellipse (s).
From here we can write relations for the semi-major (aproj) and semi-minor (bproj) axes.
and the projected position angle (P.A.) is given by
